Introduction
This Supporting Information contains:
• A discussion of the dilute case, • A description of the functions used to determine the phase diagram ( Fig. 10 ). * To whom correspondence should be addressed S1 For the DFT calculations, the first principles Vienna Ab-Initio Simulation Package 1 (VASP) code was used. For a description of DFT in general, we refer to the original papers of Kohn and Sham. [2] [3] [4] The Generalized Gradient Approximation functional by Perdew, Burke and Ernzerhof 5,6 (GGA-PBE) was used within the projected augmented wave (PAW) method. 7 A cut-off energy of 600 eV was used for the wavefunctions, and a cut-off of 900 eV for the augmentation charges. A Hubbard U correction of was used to better describe Zn 3d electrons.
The dilute case
To asses the reliability of our calculation, we first consider the dilute case of ZnO-MgO 
S3
where the distance between the Mg atoms was minimal and the case where it was maximal.
The results shown in Table S1 indicate that differences are less than 1 meV per formula unit, which is not significant. From this we conclude that the energy for a particular configuration will likely be representative for all configurations with the same value of x. S5 is in agreement with X-ray photoelectron spectroscopy (XPS) and ultraviolet photoelectron spectroscopy (UPS) experiments. [8] [9] [10] [11] [12] [13] [14] [15] [16] The more recent measurements place the d-bands at 7.5 to 8.0 eV below the valence band maximum (VBM). Figure S7b shows that the DFT+U calculations obtain the correct position of the d-bands when U = 5.0, and thus, this value was used for the Zn 3d electrons in all of the present calculations.
In figure S8 the dependence of the density of states on the parameter U can be seen. The d-bands move down with increasing U and the band gap widens.
In Figures S9 and S10 the densities of states of the wurtzite and rock salt structures are plotted. The formation of the d-bands as x decreases can be clearly seen.
Bader Charge Distribution
In Figure S11 
Total energies of the particles
To obtain the phase diagram shown in Fig. 10 in the main text, the following expressions were used: For the ZnO terminated Mg x Zn 1−x O mixed phases, the total energy per formula unit as a function of composition x, size N (number of formula units) and temperature T is given by:
where φ = RS, WZ, ZB, E φ B (x) is the bulk energy per formula unit, s(x) is the configurational entropy per formula unit. The correction factor x is introduced to account for the possibility that there may not be enough Zn in the particle to cover the surface, and E φ S,i (with i = S12 Figure 
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MgO, ZnO) is the rescaled surface energy:
where γ φ i,j is the (lowest) surface energy of a surface j, and A j the the surface area of that particular surface, and c φ i = A tot /V According to the bulk calculations the Mg x Zn 1−x O mixed phases are only stable when x is near 0 or 1, otherwise the system will phase separate. We therefore also compare with the energy of a system of phase separated particles of size N : Fig. 3 in the main text. The fraction of RS particles
is such that the total fraction of Mg atoms is x.
The last configuration we consider is a core-shell particle, with a MgO-rich core, a ZnOrich shell and a fully ZnO terminated surface, if possible. We will assume that the compositions of core and shell are x RS min and x WZ max respectively, even though here both phases are rock S19 salt. We have used the following formula: 
where E interface = γ interface A core with γ interface interface energy obtained in the calculation of the RS (100) MgO -RS (100) ZnO interface described in the main text, and A core the surface area of the core.
